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(54) SystemaSic cofsvofMtiofiiaJ mterleavers and demtsfSesves^s 



(57) A sysiemfiSic convoiuliona! intssrlaaver a^rar^ge- 
mor-.i that is ofctainod by treating the input signals ot an 
assoeialed error corfecting snc-oder as if Ifiey had been 
pre-inl-'Srlissv'Dd in a very cartioijlac way so that the order 
of the tnput sigrsals of the encoder is no' altered when it 



is transmitted to the char.nei. By way of exarriple, an in- 
lerleavsr/deinterleawr arrangemerit is disclosed that 
uses Reed Solomon code RS(1 20,11 6J and employs 
rialay olsmsnt banks and associatecs rouling to (Titer- 
ieave and detnterleave the signals. 
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DescripUon 

S aKkgrounci o f &m Invenilon 

This invenlioo rsiaies to systematic convolulioriai 
inierleaversand eatniorfeavers that are used in conjL^riC- 
iion with error cocsctsng coders in a communicalion cr 
sEarage system. 

Cortimunicaiion of signals invariabiy has to deaJ 

transmissicif' oJ signals through a channel where 
errors are introdiicoc!. riG. 1 presents the block cilagram 
of a prior art arfangernent 'or such an envircrsmenl, 
where ttie Input stgnais are first applied to encoder 100, 
iiie encoded signals are passed on to interieaver 20C, 
•hs interlaaved signals are mcjdtj'atad in btock 300 and 
;hs rrtodwlasec! signals ^re applied to the channel Tfie 
signals received Uom tfie channel are demodulaicd in 
slack 400, deinterieav'ed in block 500 and lastiy decod- 
ed in biock SGO tc recover ihs ifiput signals into encoder 
100. (In the present iliusirative embodimenis, each so- 
called "signal" is a digital signai comprising 8 ciala oils. 
Slit in cither otnbodimQiiis each signal may comprise any 
ni;mberof biis, ificiuding one bit. in many conteitts, the 
'signal' may be onderstcxxi to be a "symbol" of s so- 
called signal consteiiation. ) 

Irttorleavor 200 is interposed in ih& system in order 
•.o account fof btifst errors in the channel. Specificalty, 
jnierleaver flCO dssparsss adjacent signals in Jims prior 
to mcdiiiatiori. sc that burs! errors with a targe numtier 
of errors in a shor; sirri© span, do not affect toe many of 
adjacent signals o! the original uninterieaved signals 
CoiTiwefseiy, when considering the signals coming Vi^m 
5h-3 channel, errcs that arc- closely spaced in lime So 
sacfi other are interspersed at it^e output of the deinter- 
icaver to be far apart from each other The consequence 
of Shis dispersing is that decoder GOO is able to recover 
■ha ifiptJt signals entered into encoder lOO by vinue of 
tha error- corf ectirig fedundancy included in the signals 
whici'i decoder 600 utilizes: 

it is also weii known that modulator 300 as well as 
demoduiator 400 may be subsystems that ihemselvfos 
inci'jdc codtng and decoding For example, moduUstor 
300 may include a front end section that is a treliis en- 
coder. Corresponoingly. the tail-end of demodulator 400 
would include a Viterbi decoder. 

Summary of the ifivention 

EP-A-074S5D56 (Arritany) discloses a systemal* 
convotuttonal irsterlesver arrangement in which the input 
signals oi an associated error correcting encoder are 
treated as it they ;-;ad been pre-intet ieaved tn e very par- 
ticular way so that the order of the input signals ol the 
encoder is rio:. aitared when it is liansmilled to the chan- 
ne:. In the arrangarnents disclosed in the Amrany patent 
application, successive signals oi each error cotrecing 
code codewofd, -3 g a Reed-So!cKT>on codeword, are 
separated in the iniarleawad stream by a constant 



amoLin! equal to the so-called decoding depth. By con- 
trast, in syslematic convoluiionaf interleaver arrange- 
ments embodying the principles of tfie present inven- 
tion, that separation is not necessaniy constant and. in- 

£ deed, is greaier than the decoding depth for at least cer- 
tain successive ones of the signats cciTiprisirfg a partic- 
ular codeword. This is advantageous in that, for exam- 
ple, the increased average separation of the signals 
comprising a particular codeword enhances the sys- 

lO larn's ability to withstand burst errors in the channel. In 
addition, if the interleaving which provides the aforesaid 
increased separation is earned out in a particutar way, 
as described hereinbeiow. the de inter! saving process 
can be acWaniageously implemented using actual delay 

'5 lines, as opposed to random access memories which 
amulate delay lines. This is advantageous in that given 
a particular implementaliona! technotogy, e.g.. MOS cir- 
cuitfv, actual delay tines can be operated lo provide 
fiigher thtoughput ifian a random access memory delay 
line emulations, thereby faciiiialing the use of the inven- 
tion in h^gh^dala•speed apptications. 

Brief Pgiseripiiori oj the Drawing 

f\Q 1 shows a prior art coder/decoder arrango- 
rnont with an interleaver arvd a deintarJeaver inter- 
posed therebetween; 

FIG 2 depicts a prior art block interleaver; 
FIG 3 shows a poor art convo'.utionsi) ints'^leaver 
30 and dciniorlcayer 

Fl G . 4 illustrates a systematic block interleaver sug- 
gested by Galiager: 

i^lG. 5 presents a pictorial overview of an illustrative 
strea.Ti of incoming Reed-Solomon codeword stg- 
-'s nals, pursuant to an iiltisirative embodiment of tt)e 
invention; 

FIG 5 provides a syr.ternatic ccnvclutional inter- 
leaver tor the sigr!a) stream oi FIG. 5; 
F!G. 7 i!iLisl:atss a systematic convolutionai dein- 
'fo ler leaver adapted to respond to signals devefc^ed 
by the interleaver o! FIG. 6; and 
FIG. 6 presents a pictorial overview of an another 
illustrative stream of incoming Reed-Solomon 
codeword signals. 

Detailed ttesci'tption 

F!G. 2 presents a simple implemenSaiion of a con- 
ventionsl block ir^terleauer 2.00 When the interleaving 

50 arrsngemftnt seeks lo intftfleave Reed-Solotnort (BS) 
codewords of length 1 20 signals to a depth of 30 coda- 
words, ail that is needed is a matrtx such as depicted in 
FIG 2, which can be viewed to compnse 30 rows and 
I £0 columns of signals. Intorioawing is accomplished by 

-S-S writing incorning signals soquenliaily into the signais 
matrix and thus populating the matrix a row at a time. 
An inierteaved output is obtained by reading signais out 
of She matrix s column ai a time. Row 1 . for example. 
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consisrs ot fko sigrtsls Co.itg Co ,ig,..,. Co o ^!^s 0* 
codeword CofresponciirtQiy, coi^imn 1 consis! of Co-,,t,, 
^1,1 IS • Cjoiig. A'hich correspond to the fifst signais o! 
ths 0'^, 1®', .. and 29'^ codeworcfs. This arrange-Tien! is 
said xo provios an inierleaving dsp-h of 30 signafs ba- 
cause successa'e signals cf the same codeword are 
caused to be 30 s:gnais apart in the intorleaved signal 
stream., 

A btock celn^erleaver can be identical to the block 
inie-Sasver of FIG 2 The overall memory requirernert 
for t!^e interieaver and the deirsterleaver, lharefore, is at 
leas! 7,200 sig-iais, and the overall delay between the 
inpLi! io the iriter leaver and the output of tr.e deinlertsav- 
er is approximateiy 7.200 sigr^at periods, 

FIG, 3 preser-iS s simple embotfimenf cf a conver;- 
trcna! corwolutionai interfeaver anc deirsterleavsr with 
the sanie inierieaving deptti of 30 signals. A comolu- 
ttonat tni&iieaver:& one where iwiihin any selectotl block 
of signals in the intetteaved signal stream, tnere exists 
at least onB codeword wiin some signals mtssing. 

•rx FIG. 3, the irxiomirig signals appear on line 24, 
switcn 25 cydes thiough dsiay elements 201. 202,,.. 
230 {note thai rsgistsr 201 has 2sro delay and is, there- 
fore, simp-y a con :i eel ion), and successrv/e signals on 
line 24. are applied rosuecossivo delay eiements. Switch 
31 at -.he ouSpJl of she intsrleaver is synch!-c)ni2ed with 
switch 25, resLiitirig in an interieavod oiiiput emartating 
from swrich C?';, U- par'icuian whsn the incoming signal 
Slream to the FiG 3 afrangemetlt is 

^m.-!13' Crr,.*!:'}. ^ta.,-i^7- ■■ f'm.M' ^m,iS9> -' 

and where signai C„ ;,9 is stuffed into tieiay essmen! 
201 , the ouiput at switch 31 of FIG, 3 is 

*-'m-r,3S 

As can be observed from the above, sigrials Ihal beloig 
to the same RS codeword are separated ai the output 
of switch S1 by a' least 30 sigi^ais (e.g.. C^, ,,g and 

FIG. o also shows a dsintsrieaver iha! performs the 
inverse operaSiori c! tho convolutimiai inter leaver, it may 
also ise noted that the .Tisrnoty (equiremen! and del.ajf 
ot tbs- FIG 3 interieaver/deinlerSeavsr is considerabV 
smaiier thari a corresponding RG, 2 impiemerslaiion, 
SpecifjcaiSy, oniy 3,460 signals o! memory are needed, 
and She toial interi9avir!g.'deint3r!eaving dstay is also 
3,480 signals. 

The inter;eav&!S of FIGS 2 and 3 are not "system- 
atic'' bacaijse ihe order o? the input signals is atterad by 
the laterleaver, N on -systematic inteflaavers have a 
nsjmcer of problems. First, t^.e receivef cannot skip the 
deinisrieavef if it chooses to skip She associated deccKS- 
er The deirsterieaving delay, therefore, is not avoidable, 
Socorid, bL;rsly errors t;ia! carnot bo corrected by the 
deccder wiil be sprijad by the dainterleavar. ft turns ou! 
thai in var-ous appiications it is t?eHer to sj^'tsr a number 
of errors concentrated in time than io suffer the same 
number o! errors over an extended lime span. In such 
cases, therefore, spreading or dispersing ot uncorrected 



errors is not desirable. 

the conventiona! encoder-inlerieavef arrangement 
of F!G. 1 requires only a single encoder. In "informatfon 
Theory and Reliable Communication" by R G. Gatlager, 

s John Wiley & Sons, 1 368, pp. 286 et seq„ a more com- 
plex arrangement is presented wi!h a pfurality of encod- 
ers. This piurality of ericociers aims to replacs the com- 
biriation ol the encoder and block interleaver oi FIG 1 , 
AJthough no specific embodiment is depicted for the en- 

10 coders or fof any means for conlroiling ths encoders, 
tho Gailager depiction does suggest that a systematsc 
block inleflesvor can be realised lhrou:3h the use of a 
switch a) the input and a switch at the oiilput of the plu- 
rality of encoders. It is not convolutiona! interleaving, 
however. 

Tbe Gatlager structure, depicted in FIG, 4, presents 
a hardware anci'or speed perrafty as the decoder, in one 
decoding embodiment it appears that 30 separate de- 
coders must be used, with the signals appropfiately 
fouled to tnose dtjcodei s. in another embodiment . it ap- 
pears that a dointerleaver would need lo be used tirst 
OiKs Ihe one depicted in FIG. S), followed by a very fast 
decoder, fn either case, the decoder becomes commer- 
cialiy unattractive. 

The challenge is to devctop a systematic, convolu- 
lional, mtortoaver in order to avoid the two problems de- 
sciibed above in connection with systematic block inter- 
leavers. Indeed, one such type of systematic, convofu- 
Itona! intsrl saver is de sen bed in FP-A-074a0SB (Amra- 
30 ny), 

lr»lhe arrangements disclosed in the Ainrany patent 
appiication, sjccessrvo signals of each error correcting 
code codeword, e.g. a ^=^e9d-Solo^T^on codeword, ar© 
separated in the interleaved stream by a constant 

35 amount equal !o the so-called decoding depth. Indeed, 
such an appioach is implemented in the interleaving ■ 
scheme depicted in FIG, 8 thereof and described below. 

By contrast. In systematic convolutiona! interieavcr 
arrangernents embodying the principles of the present 

''f invention, that separation is not necessarily constant 
and, indeed, is greater than the decoding depth for at 
least certain successive ones ol the signals comprising 
a particular codeword Thus assume that each RS code- 
word comprises 1 1 S input signals and 4 redundant sig- 
nais, and assume that the input signals come in tiie or- 
der ot 
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rn-ae.S' 



■■■ Cm-27,7. 



Conceptually, one can immediately add the 4 
redundant signafs io the above stream (which can be 



NSOOCsO; <6 P 081 S»S*2J_» 



3 



s 



EP0 813 3ffl^ A2 



6 



shougtii to be ntilt si this point) to resuit in the streani 

Cm. (13. C^., Cm.g ,-51 C„,ga C^.^eo, 

Cm. 157' Cf^-i.-!^3 . ^m-2.l09'- ' ^m-SB.S- ^m-a^.l- 

Cni.uevCrR-1,!;:a' C'm.e.JOB C'„,2e4i ^mS<S.D- 

Cro; 1.119 ■ C-T. (15 . Cm-i.in. 0^.^77' Cm-£B.3. 
Cm-t lia , ,-.,4 , C^.-, uQ...., C,„.2-f ^, Cn,-23.2, 

f^mtl 117' '^ni.'iS. Cm-i 109'- ■ ^re-aBT 
Cmtl.nS' Cm -152 , Cm., 108 Cm-ar.a- ^tr-St d— 

A pjoioriat view of Sf^is stream is presented in 5. 
it is depicted an the form of 30 parallel signal paths, cr 
'raiis." that have t;ssn multiplexed canto a single stream . 
ihrci;gh a swuch tS-iai cycSically connects lo all of iho sig- 
nal paths. 

In isccordancc with the principles discSosed horeirt. 
giver, the ass«med sigrjiflcance of thsao signals vis-a- 
v:s tfieir reiationshi.os to each other and to the RS code- 
words, a.Rprc^riate routing of !he signats to a plurality cf 
cocsFS. and ro!jUn>3 of thg plurality of coded signals into 
s sifigle stream o* output signaSs yields, in eftsct, a sys- 
ternaiic convolutiooai interleaver. 

FIG. 6 presents a structure thai is responsive to ihe 
cpociitc signal strcsn^ descnbfid above. Whilo It is sim- 
sisf to !he structuf'j shown m Fi(3. 4, it rouios the tr.put 
signals difl^renUy, and achieves a highly improved re- 
sult 

In FIG. 6, ine iiipul signal stream is applied to roiJter 
10 vv?iich corr' prises a switch t^.at. responsive to control 
S!gr,ai& from contrciier 15, diS^ ibutes the mcomiris} sig- 
nalsloits 30oiJtpLi!3 Each oulpiji of router lOiscoupted 
to a coriespo-'idinc Reed-Sotomor( (RS) coder 20'\ and 
ihis outputs ot the 30 RS cociors are rouitsd !0 a common 
outpsJl port through rooter 30, Router 30 and ttits RS cod- 
tars are also responsive lo conlrolier 1 5 Which imple- 
men's tfie roi;linc p-ocedure described below 

in operation, 'ouler 10 neaPs to cycle through RS 
coders 20- ! tfirouafi 20-29 tor 4 cycles, while skipping 
RS coder 20-00. During ihoso 4 cycles, RS coder 20-30 
receives i~io inpu- ;or the nuli input of Cq^, Cq j,, Cq 
sno C^o) and routSf 30 cycles through RS coders 20-1 
iiircugh 20-30 lor She 4 cycles. Thereafter, rouiei 10 cy- 
cliJS Ihrough RS coder 20-30 througr^ 20-23 for A cycles 
Whlse sKippingeodSi- gO-gs? Shd f^sitsf SOcyctes snroisgh 
RS coders 20-30 !i';fough 20-23 tonhe 4 cycles, and so 
the process coniiriues 

if t\ is assumed itial C^j, ,,g, is insetted into RS cod- 
er 20-1 Ih.en, according to the descrfpttori above, Iho 
."lext three samplesi iSat are inse-fteri into RS coder 80-1 
""f® C;)g Cgg-iiT, and €29.516 °^ those 4 

cycles, when C, 4 :S insfiited into RS coder 20-29, (he 
cyciing sepuence c? router 10 is altered and the next 
clock advances tha routing to RS coder 20-30, At that 
point, She RS code.-!- 20-30 is reset and, accordinglo tho 
description set !or\^ above, ihe C^g ,,g, is entered into 
RS coder 20-50 (&;arting to accurnulate input signals of 
a riGW RS cocie-Aord), and at the neic! clock period 



Ces.iis is entered in'.o RS codrsr 20-1 . 

Diiecting attention specifically to a particufsr coder, 
such as RS ccKier 20-1 , it is seen thai ihe atjovo-cis- 
ciosed cycling procedure achieves the foSlowing: 

1 ) It routes the input signals wrhich belong io a par- 
licutar codeword to a specific HS coder, 

2) after 29 of the 4 cycle intervals, ars RS coder has 
received the full set of 116 iriput signals, and 

'0 31 thereafter, the RS coder is loft wilh no (or null) 
irtputs for one 4 cycle inlen/a!, during which time the 
RS codet outputs the 4 redundant signals 

C29.3. C29_2. Cgg 1 . and G ^ to router 30. 

Consequently, ihestream of output ssgnais of router 
30 is in the order of tfie above-descnbed input signals, 
to wit. 





1,119' Cm-i.ns- 


^'m-a.-il! 


' Cm-2H.7. Cn,.393, 


C„ 


1.118' Cm.i,)i4 , 




■ . Cf^gg g. C^.gg g. 


c« 


I 117 . f-'m-I.IIS 


' Cm-2,109 






>,116' Cm-i.na . 


C^-a.ioa • ■ 


■ Cm -aa,^. C,„ .a9 o 


C„ 


H1,113 ■ C|n,i13 




■■ Cm.27.7' Cm-ae.3' 


c„ 


i+i,^,ia ■ C„.n4, 


Cn,,i,itO ■■ 


•■ ^m-z7.c>' Cm-ae.ai 


c„ 


)vi.nf ■ Cm,n3 


• Cm.) .109 . 


■ ■• Cm.27,S' Cre-aat, 


c„ 


Hi.ns ■ Cm.n2 


■ Cfn-t .-ioe , 


■ ■ '-'m-a7.4- C^.2B,o. 



confirming that the FiG. 6 arrangernent is s systen^Ktic 
interleaver (except that some redundan; non-rtuH sig- 

So nals are inserted at appropriate placss) 

From the aixjve. it is seen (has the appropriate cy- 
cling or rouiers 10 anci 30 arid resetting of the RS en- 
coders are all that is necessary to implerrjent contnoSSer 
15, and sjch can be easily accompiishrsd with a few 

^5 counters and some combinatorial lo^tc. 

FIG 7 shows a sy.steriiatic convoluiionai deinter- 
leave.i- adapted to respond to signals developed by the 
inle-ieaver of FiG. 6. TUo FSG 7 arrangement includes 
a series connectiorr of a switch 40, a tirs! detitterleaver 

40 42 comprising delay elements, 3 switch 43, a der;od0r 
input buffer 51, a decoder 50, a switch Si, a second 
dernterleaver 60 cornprising delay elements, and a 
swfich 53. Within deintarleaver 42. each delay element 
42-j introduces a delay ot (016 - 4i>x30j sionais {wtSii j 
;af5g;ngf!om 0 So 29), and wUhin oeiniefleaver 60, delay 
element 60-j mtroduces a delay o) {4jX30). Switches 40 
and 43 are synchronized Consecuentiy wtien The in- 
coming stream of signals is arranged to insert C^-;,9 
into delay 42-0, the signais belonging to a particular 

so corfeword appear concurrentiy m the outptJt 0I dainter- 
loaver 42, allowing decoder 50 to correct errors. Of 
course, decoder 50 could merely raise an alarm, orsi^Ti- 
piy inform the system that an orroc has been detected. 
To be more precise, during the interval that signals 
Cm ,,9, C^i 1,5, C^2,vii ■ ••> Cn„aa.7, Cm^jg-j, 
are inserted into delay elements 42-0, 42-f , 42-3,.,, 
42-28 and 42-29, respectively, the outpu-s of thc«e de- 
lay elements correspond to 
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,19- C„.^i;j ^IS. "V 29.51 ■ ^m-Z9.^- 

The foitow/i^g three cycles yield iha si>-iate 

C™-?9 156- Cm-tii: !14. og.l 1C, • ■ , Cm-ag e. C^.^g g. 

Cm-29.;1T- C-m.3<i.!!3. '^m-a9.1G9' C„.29s, C^.2Si.|. 

and ihat complsies me entire codeword. Decoder SO, 
however, needs So process the signals sequensialiy. i.e., 
in the order 

The task of reiifrancis-.g the sequence falls io buffer 51. 
Thsreafter, decoder SO decodes th a codeword, corrects 
errors fit correcUibls errors exist, .and if lhat is the de- 
sired mode of opefaSion), and outputs the correcSed 
codsword into cfeiriievleaver 60 whsch reverses the ac- 
tion of detnt0f,seaver 42 

In i!s Simplest to'm, buffer 5i can comprise two 
msr^orioS: eaci-s of v/hich contains 120 srgriais. Whife 
one memory is loaded with srgnais, the other memory 
is processed by decxier 50. Decoder 50 may be a con- 
ventional decoder adapted for Ihes code err^pioyed, 
which in the present riisclorjtjre is a conventional RS de- 
coder. 

Assiiming that Takes decoder 50 a 120 signal in- 
terva; tc decode on« RS codeword and, thus, when tho 
output of deirstei-ssv.sr 42 co,f respoi:d« to RS codeword 
m-29, the output of dacoder .50 corresponds to code- 
word m 31 D«Ji ^tt-' ' ^ ^^ t 
recreata the strearri ar the input of switch ^0. lo sum, the 
arrangement of .s-"lG ? ;njects a 31 -codeword delay 

Certain gersra; observairorrs can be medo af shiis 
point 

The input signsi stream, such as that shown as be- 
ing apphed -o router 10 tn FIG. 6, can bo charactenzed 
3s comprisi.'sg ^ inpijf signal sequences (where, ifius- 
trativsty N .= 30 thosft being the N seqjenr:es thai are 
apptiad IO RS codera 20-1 through 20-30. The output 
signsi stream, such as that shown as being provided at 
the outpu! of router 30, can be characterized as oom- 
prisir^g N ouSput stgrial sequences, those bei.ng the N 
sequences that ar.? generated by RS coders 20-1 
through £0-30 liiuslrsSively, the same inoui signals ihat 
are app!:ocf ;o the RS coders aiso appear tn the outputs 
of those coders, aufarisntsd by red:jrid.=i,nt siq,"!.g!s TMs 
implements a so-Dasiffd syriSf.-ria'K-: cwSi^i a-Jv t:-x;;:;i;5(. 
in a non-sysE(5matie coder, the oijtput signals -alt ho ugh 
equal m nsjrnber io trie output sign.^fs that are provided 
in the sysierraiic coder case --do riot ;riclude a repetiiion 
of the input sigrssls. Rather, in general, the output sig- 
nals are alt diftersnt from the input signafs. Use of the 
Jerrr 'systematic" as i; .-elates to \Ua coders shoiilc not 
bo confusco with oss- that that term as it relates to thcs 
inleriaaving, as dGs.';.-;bed herein.) 

Sr> aiy even;, nc matter whether (tie coding is sys- 
tematic or ncn-sys!t:matic, one can make a generic 
statement about whs-; makes the fniericaving thai is im- 
plemented :n FIGS, 5 and 6 syssematic t,iterjeav!ng. 



That generic sialement is that successive input signais 
of sacn of the input signHi sequences cfin be positionally 
mapped to successive output signals of the correspond- 
ing output sequerrce whife, rn additron, successive input 
5 signais of the ovsraH input signal stream can be posi- 
tlonatly mapped lo successive sigr^ais of iheovsraff en- 
coded output signal stream. Such a mapping can be 
rTDade even though the overall output stream inciudes 
more signals than the input stream because of the in- 
^0 troduc'ion of redundant signais by the RS coders. More- 
over, this generic statement applies vifhiether or not the 
coding is systematic or non-systematic and whether or 
not the coding is of tite block type or ts of Xho convoSii- 
tionat type, the latter being describee hersinbetow. 
'5 Note, moreover, than sn accordance with the inven- 
tion, the separation between the successive signals in 
each output signal sequence is not constantly eqiial to 
the decoding depth N but, rather, is greater ti^an the de- 
coding deptn N lor at least certain successrvre or^ss of 
the signals in each output sequence. In particuSai, as 
can be seen by referring to FIGS. 5 and 6. the separation 
between eact-r of the signals C„ ,,g, j,^, 

1,5. is equal to H (e.g., 00), but the .separaSiCHi be- 
tween the signals, C^, ,,6 and C„ ,,5, is equal to {f>0 + 1) 

^5 (e.g.. 31 ). rhis is advantageous in that, for ojtampio, the 
increased average separation ot the signais comprising 
a particular RS codeword enhances the system's ability 
lo Withstand burst errors in She channel. This increase 
in the average separation of the signals comprising a 

so parlicui;ar codeword of a particular output signal se- 
quence comes at the expense of a decreased separa- 
tion between the last signal of each codevwd and the 
first signal of the toUowtng codeword in that sequence. 
However, since the dilferent codewords are independ- 

-5 ently decoded, the toss of that separation does not del- 
eteriousiy affect the overall ability of the system to pro- 
vide accurate deccxiing. An overall increase m the ability 
to withstand bi.rst errors in thus provided. 

(Wore particulariy the scheme represented by FIGS. 

^0 5 and 6 can be described by observing ihat eacti output 
signal sequence comprises a plurality of subse.qiiences. 
tn this embodiment each subsequence of FiG. S com- 
prises d = 4 signals. That is, looking at the output se- 
quence compristng Cm.n9. ^mAta ^kX: ^^a^ be 

seen to comprise ihe 4-signai subsequence C„ ^^g, 
Cm.iia- '^^51,117- ,16. on the topmost signal path, or 
"rail" o! F!G. 5 (oflowco by the 4-sigrial subsequence 

PmllS' *-'m )|4- ^'m.1l3- ^m.lia' "''^ Second-tO-tOp- 
most sigrtat patti, or "rail" of FiG. 5, etc. Observe thai 

50 vvtiile the signais wiihina subseque.ico are spacedfrom 
one another by U in the output signal stream ot FIG. S 
the last signal of the subsequer^ce is spaced (ro.m the 
first signa! of ifio rjoxl subsequence by more than N- 
illustratively by (N a- i ) 

^ One Ciin also understand l.'^e arrangement of sig- 
nals as represented by the example ot FIGS, 5 and 6 by 
conceptually reg,arO;ng all of the various signals as be- 
longing to a particular one of the N parallel paths, or 
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°ra;ls° of FIG, 5. (i? ihcjuld be noted a! this point IhiJt Jh© 
use of the lerrri "rs;:-" and/or the depiction of the signals 
Bs btjing asfanged in such rails doss not imply that ihe 
signals cf a parte^jiar raiS can necessarily be found as 
appearing on diffc-ra-rsS physical feads. Rather, the notion s 
of ratis is usod hc?reln as a way of defining yot another 
concepl'jal group if^c; of iho signals in additior^ to their 
groupings, inso, to- ©xampte, need-Solofnon code- 
words.) 

In psrticiilar, ons can obsorve U-iat the (Nt+j)'^ sig- 
nal, ct ths outpul s-igrrai stream belongs to the j'^ rail, for 
(=1.2, .,N ar^d 1 = 0,1,2 .. One can also obsoivs that 
each output SigniS; sequence corrtprises at least one 
codeword. Der^ots ths.k* signal Of the m'** codeword as 

f,. One can furiner observe that ttie signals of each i^ 
codeword belongs to at teast two cJiflerent rails and the 
j'*' one of said N raiis comprises She signsis ^.^j,, ^ 
through C„, j,|q.,., ior at least one value o) jc (e.t} , V-B) 
and a selected vaius of d (e.g. 4). 

Irs addition, it cdn be observed vis-a- vis iha receiver so 
arfangemento' F)G 7 that because it can be irnplemerii- 
ed with actual doSay lines. o,g., ht3;d-w;(6 shift registers, 
the receive,' can b<s operated to provide higher tttrough- 
pii! than woufd typ:ca!iy ba obtainable using a fandom 
accoss iTiernory irrpicmcotation to emuiais the action 
of Ihosa deiay >m&s, givon any panici.!ar implementa- 
tional iechnology. This facilitates the use o'tha invention 
m high -data -speed aapiicaiiona. 

The arrangema-.t of FIG 5 illustrates one specific 
incorriiMg stream of RS codeword signals FIG 8 30 
prease.nts an aitcrrative assumed t.^coming stream, 
which is expressed below {again, including 4 blank, or 
nu!l. redundant ssQnais). 
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Ihis input sircasn is stmilartothG siraam suggested 
by Gallager, except for the very crucial difference thai 
;hB starting points o? the different RS codewords are 
staggered Thus, instead of developing a block intsr- 
;eaving, what is accwrtplished fs cowo/wtona/ interleav- 
ing, 

"the fTiacri-> st,''u;:liirft of an nncodRr (espcnsives to 
the signal depicted iri FIG, 6 is tho same as the one de- 
picted in FIG 6 However, the control of the rojSor and 
the RS decoders i? difJorent, 

To review, in ccrmection with tha FIG. 5, the input 
sigr:ai3 are fits! sriserted into coders 20-30 through ss 
20-25, sk!pp:ng cc-der 20-30 for 4 cycifjs ar>d router 30 
cycles ctxiers 20- • through 20-30 for the 4 cydes 
The.-csafier. the very ne>n by'eis inserted in coder 20- i'K), 



the foliovbiing byte is inserted into coder 20-1 , and for the 
next 4 cycles coder 20-29 is skipped and router 30 cy- 
cles through coders 20-30 through 20-29 for the 4 cy- 
cles. 

In conneciion with the FIG 8 signaS. the input sig- 
nals are also first iriseried into coders 20-1 through 
20-29, skipping coder 20-30 for 4 cycles. The very neiti 
input signal is again cntereiS into coder 20-30, coder 
20-29 is skipped when its turn arri\/es. However, and in 
contradiction, router 30 cycles through codeis 20-1 
through 20-30 for every cycle. 

It maybe rsoied that in both FIGS. 5 and 8. encoders 
RS(n.n-f; rriay be used with any r. 0<r<n. The number 
of encoders is determined by tJte interleaving depth, 
which is chosen to be 30 throughout the texL The inter- 
leaving depth certair-ly does not have to be 30. 1 1 has 
nothing to do with tha amount ol radursdancy r. Further- 
more, It oan be chosen to &e indepet-idsnt oi ths length 
n ot the RS code (n is chosen to be 1 20 throughout the 
text), although for sotrte n's the interieavor and deinter- 
Ieav8< based on FIG. 5 can tiavrj a nice structure 

it may be further rtoted that a number ot practical 
design considerations that are commonly encountered 
in coder and decoder designs such as described here 
have not been prcsersted here, (or sake of brevity. For 
example, it may be noted that the signai coming into 
router 10 has a slightly ditterenl rate than the signal ex- 
iting router 30. Specif icaiiy, in the same time frame there 
are 116 signals coming in and 120 signals going out 
This sligini rats change is conventionally accounted tor 
by providing a buffer sn biock 20: specifically, one signal 
delay in each encoder would suffice There is a corre- 
sponding rale change fn the detnterleaver between the 
signal at switch 40 and the signal at switch 63, 

Wh ereastheha rd wars embodimentpresentedsug- 
gestsdsiay lines, it should be understood that otfier stor- 
age media, such as semtconductoi rnemories, can be 
used with identical effectiveness. Also, it should be un- 
derstood that although this disciosure employed Reed- 
Solomon coding, other coding approaches can also be 
used. 

The inventtOfi is disciosed herein in the context of 
sc-catied biocx encoding, ot which Rsed-Solomon cod- 
ing IS an exampie. In block coding arrangements, a pre- 
determined number of coder output signais cornpfise a 
codeword v<tiich can dr deccxied without reference to 
any other outputs of the 8?^coder. tn the example herein, 
for example, thai number of coder outpui signals is 1 20, 
Howeve,', the invention is not limited to being used in 
con|uncl:ori with block codes. Rather, as aduded to here- 
inalxive. it can also be used in arran cements in which 
the encoding is, for example, so-caiied co*ivolutional 
coding, (The latter is not to bo contused with convolu- 
tional interleaving, which is defined hereinabove and re- 
lates to the ma.iner in which the coder outputs are ar- 
ranged in the otjtput signal slre?im.).in s convolutticnat 
coder, such as a so-called Ireilis coder, no particular 
group of coder output signais tan be segmented fro-m 
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ihaouipus stres'TD and dscoded. in Stiis sense, the codt'f 
oulout word is of indefinite length 

Although in ihe ihe illustrative enbodimerit warious 
5ur.ctiaia! elements are disciosed as being discrete en- 
lilies and. indeed, could be implerrienled as such, ii wili s 
be recognised by ihasn skifled in the art thai any on© at 
niofe o) thoso essrrienfs could be realized, for exampie. 
in the form of one or rrof e general purpose cr spectsi 
purpose processors wliich have been programmed io 
perform the functions involved. 10 

The rsurrisrical vsiiies for various parameters used 
herein are, of coursfj, iliustratri/e and can be chosen to 
fit - ho needs oi any particular system erribodyir^g the in- 

It wilt thLis be realized, more gonoraffy, that aHhcugh ?5 
l,he invention IS dis closed heroin irj the context o< partic- 
ular emtJocijTierits, ihoss skill in the art wit) be able to 
deviss nijmerous ot^er anangernents wtiich, althcugfi 
not explicisiy shown or described herein, emixiciy i^e 
principlss of the rnveniiLXi and are within (ts scope. ?o 



Claims 

1 . A rMGthod ot encoding a stream of input sl-griais to 2£ 
gonsralo a aireain of encodad output signals, the 
input signal stream compnsing N input signal se- 
quences and th<3 cwiput signai sfrsam comprising 

N output signs; seque.ices. sach of the output sig- 
nal sequences being generated in response to a 30 
corresfjonding one of the input signal sequences 
using at ieast a fitsl predetennined redundancy 
cods, the encocitng being such that successive in- 
put signals of each of the inp-jt sequences can be 
positionalty mapped to successive outpu! signals of 35 
the cci*esponding output sequence while, in sddi- 
iiori successive input signals ot the input signa! 
stream can be positionally mapped to successive 
signals of the encoded output signai stream, 

characterised in that at least certain succes- ■*» 
sive ones of the signals in each output sequence 
are spaced from one another wrtlhin the output sig- 
fTal atraarn by more ihan N 

2. A rTie5hocJ ci generating an output signa; stream 
comprising N sncoded output signal sequences, 
each output signal sequence corresponding to one 
ol N input signal sec^uonces, said arrangerrienl uli- 
tizino redundancy encoding and implied systematic 
convo-utional inlerlsaving to generate the output so 
signal strearn, 

characteri£ed in that at ieast certain succea- 
6i\'e ones of the signals in each encoded output sig- 
nal saqutsnce are spaced from one another within 
the output signai stream by more than W. ss 

3 A method of encoding an ordersd stream of input 
signals to c?evs!op a stream of output signals, said 



stream of output signals comprising said stream of 
input signals in its original order combined with an 
associated plurality of redundant signaSs. each of 
the redundant signals being a function of a prede- 
termined group of said input signals as defined by 
at (east a first predetermined redundance code, the 
output signals betong:ng so each said group, as welt 
as the associated redundant sigriais, appearing in 
said output stream with nori -uniform spacing. 

4. A method of encoding a stream of input signals to 
generate a stream oJ encoded output signaSs, the 
input signal stream comprising N input signs) se- 
quences and the outaut signal stream comprising 
N output signal sequences, each of the output sig- 
nal sequences being generated tn response to a 
corresponding one o? the input signal sequences 
using at ieast a first predetermined redundancy 
code, the encoding being such that successive in- 
put signets of each of the input sequences can b© 
positionaliy mapped to successive output aignars ol 
the corresponding output sequence v^iile, in addi- 
tion, succsssive inpi;t signals of the input signal 
stream can bo positionaliy mapped to successive 
signals of the encoded output signal stream, ttia 
WT + ()* signal of the output signal stream beiong- 
ing to the }* one of N rails, j-~1 ,2,. .. .iN and t=:0, 1.2,. .., 

cli3racteri?ed in that the signals of each out- 
put sjgna! sequence befong to at least tw-w different 
rails 

5. A method for use in a system in which a stream of 
input signals is encoded to generate a stream of en- 
coded output signals, the input signal stream com- 
prising N input signal sequences and the output sig- 
nal stream comprising N output signal sequences, 
each ot the outpu! signal sequences being gener- 
ated in response to a corresponding one of the Input 
signal sequences using at least a fiist predeter- 
mined redundancy code, the encoding being such 
that successive input signals of each of the input 
sequences can be positionaliy mapped to succes- 
sive output signals of the corresponding output se- 
quence while, in addition, successive input signals 
of the input signal stream can be positionaliy 
mapped 10 successive signals ol the encoded out- 
put signal stream, the method comprising the steps 
ol 

receiving said stream of encoded output sig- 
nals, and 

decoding ttie received stream of encodssd out- 
put signals to recover said stream of input sig- 
nals, 

charactenred in that at leas! certain succes- 
sive or>es of the signals in each output sequence 
are spaced 'rom one another within Ihe output sig- 
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rial stream by more thars N, 

S. A met?Kid for use in a receiver o( a sys!em jn which 
an output sigriaf stream comprising N encoded out- 
put sigrsaS sequsnctis is genercited and transmitted s 
io sasd feceiver. each ojtpul signal secjuenco cor- 
responding to one of ^J input signal sequencos, sard 
system betng of a type wfiich utilises reduritiancy 
encociiiig ar-.d implied systematic convolutional in- 
terleaving !c generate tl-.e output signal stream, the 'o 
method comprising tfio steps o! 

receiving said output signal stream, and 
recoveritia N input signai sequences 
ttnereffop-! using redundancy deccxiing and con- '5 
votijtions! de interleaving, 

characterised tn it^at at least ceitatn succes- 
sive ones ol irse signals io eacfi encodad outpuit sig- 
nal sequence are spaced from one anottier withtn so 
vne output signal strScirn by more than N. of ctalins 
1.2 5 or 6 

7. Ttie met?iod ot any of ciaims 1, 2 5 or 6 wherein 
each of the outpi^t signal scquorices comprises a 
plurality of s^jfcsoquencos and wherein, for at least 
or>e vaiue ot i, and the i-^ subsequence comprises 
S, signals which aie spaced from one anottier in 
said oufpjt sionst stream by N. and \hs last signal 
oi said r*^ suDSisqijence is spaced from the tirs! sig- JO 
nal of tiie ; i+ ! subsecsuence by more than Esi. 

S. A mett^od ccrnprising the step of recovering an or- 
dered stream d triput signals from a fransrnilted 
stream ot ouipu! signals which was generated by 3S 
encoding sa;c ordered stream of input signals, said 
strearrt o< output sifjnals comprising said stream of 
input sigrials tn its origtnai order combined with an 
associated piuraiity ol redundant signals, each of 
the feduodar^; signals being a function of a prede- '^o 
termined gro-jp of said ripui signals as rfefinad by 
a! least a t:rst predetcrminefJ redundancy code, the 
/ output aignais belonging to each sa id groiip, as well 

as the associated reouridant signals, appearing in 
said OLtpjt siream with non-unitorm spacing. ■'S 

9. A method tor use in a system in which a stream of 
input signais is encoded to generatis a stream o! en- 
cocjed ouipijt signals, the input signal stream ccni- 
pr(s:ng inpu! signal sequences and the output alg- SO 
nal stream cciTipfising N output signal sequences, 
each of the sutput signal sequences being gener- 
ated m response to a corresponding one of the input 
signal ssauaiicas usinc; at least a first prsdeter 
mtfiarj rariurciancy code, the encoding being such sr. 
that si-^ccessive input signals of each of the input 
soquerscss csn bo posit ionally mapped io succes- 
sive outpi^! signals of the corresponding output se- 



quence wfiite, in adc^ition, successive input signals 
of the input signal stream can be positionally 
mapped to successive signals of the encoded out- 
put stgna! stream, the ( NT + • )'*^ signai o( the output 
signal ssrsam belonging to the j'^ one of N rails, j 

= 1.2,.. ,N and !.-;0, 1,2 the method comprising 

the steps of 

receiving said stream of encoded output sig- 
nals, and 

decoding the received stream of encoded out- 
put signals to recover said stream of input sig- 
nals, 

charactehzed in that the signals of each out- 
put stgnai sequence besong to at ieast two difforen! 
rails. 

10. Trie merhod of claim 4 or claim 9 whereir; each out- 
put signal seq-jence comprises at leeist one code- 
word, the W*' signal of the fn*^' codeword being C^, j^. 

characterized in Uiat the one of satd N rails 
comprises the signals '^rt^X \<iKi through C^jj.jjj^, 
tor at least one va'ue of X arsd a selected value of d 

11 . A method for use in a rocsiver to which is transmit- 
ted a stream of encoded output signats tftsi! was 
genefaled by encoding a stream of input signaISi 
the inpijt signal stieam comprising H input signai 
sequences and the output signal stream compHsing 
N output signal sequences, each ot I'le output sig- 
nal sequences being generated in response to s 
corresponding one o! ttie ;nput signal sequences 
using at ieast a first pre determined redundancy 
code, the encoding being such thai successive in- 
put signals dI each of the input sequences can be 
positionaliy mapped io successive output signals o' 
the corresponding outpul sequence while, in addi- 
tion, suEccssiva input signais of ihe input signa! 
stream can be positionaliy nnapped to successive 
signals of the encoded output signal stream, eacii 
output Signal sequence comprising at least one 
codeword, the k'** signal of tne rri'^ codeword being 
C„ .,. the *; Ni + j signs) of tiie output signal stream 
belonging to the one o( rails, j 5.2,. ,N ancs 
1=0,1.2... , the one of said raits comprising the 
signals C„. )(.jjj^j through C„ j^.^^,^, for ai teas; one 
value ot X and a selected value of d, tt'ie method 
comprising tfie steps of 

receKrina the transmitted sir earn of encoded 
output signals, 

appfying those signals in the received transmit ■ 
ted stream which comprise at least the 1^- 
through N'*' rails to 1*' tbrougf* ttrst delay 
lines, respectively, the lengthof the j^*^ first delay 
line being dN signal periods greater tfian the 
delay amou.^t for the j J first delay line for 
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0 < ! <■ :N), 

fissembling me outputs of saici first detsy lines 
inic groups o! ssgnats each comprising the sig- 
nals of a respective one o! said codeword, 
decadirsg each of said groups of signals in a w- 
dundariCy decoder, and 
app-yinf) successive dscodod outputs from said 
redundancy decoder to respective 1^' through 
N second delay lines, respectively, ihe length 
of ir-is i'" second delay line being dN signal pe- 
riods le^s irisr. the delay amount for ttve (i ■^ 1 
second delay Sine for 0 <i < N, and 
recovering said stieam of snput signals, in their 
originaS order, by applying individual outputs 
[(om saicf s>3cond delay tines, tn sequence, to 
an output. 
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